Detection of Weak Signal in Strong Noise Based on NBS Chaos System  by Wang, Lin Ze & Gao, Yan Feng
Procedia Engineering 23 (2011) 754 – 759
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.11.2576
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
Procedia
Engineering
   Procedia Engineering  00 (2011) 000–000
www.elsevier.com/locate/procedia
2011 International Conference on Power Electronics and Engineering Application 
Detection of weak signal in strong noise based on NBS chaos 
system
LinZe Wang, YanFeng Gao∗
Institute of Computer Application Technology, Hangzhou Dianzi University, Hangzhou,310018, China 
Abstract 
Based on the principle of chaos suppression with the piecewise periodic perturbation, detection of weak periodic 
signals in strong noise is realized with controlled NBS (Novel butterfly-shaped) model. First, according to the 
parametric equivalent relationship obtained using segment control mechanism, the parameter range is determined in 
different periodic states of the chaotic system. Second, combined with Lyapunov exponent criterion, the critical 
values of detection parameters are determined, which lead to a sudden change of the system dynamical behavior from 
chaotic state to periodic 3. Finally, the numerical simulation and the measured signals experiment are performed. The 
results show that the method reacts sensitively for weak signals, possesses the better inhibitory action on the noise, 
and can effectively improve the signal-to-noise ratio. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
In recent years, chaos theory is widely used in many fields of science and technology, and has diffusely
become one of the hot research in modern nonlinear science [1]. The research of weak signal detection 
method in strong noise has important guiding significance to the fields, such as fault diagnosis, target 
detection , and biomedical information extraction etc [2]. Chaos system’s sensitivity to weak signals and 
immunity to noise [3] make it have the advantage that conventional methods don’t posses in weak signal 
detection. Chaotic oscillator detecting weak signal built on the classical chaotic system not only 
successfully detects sinusoidal signal, triangle-wave signal, square-wave signal, but also can estimate the 
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signal’s amplitude, frequency and phase etc[4]. Besides, it has incomparable advantages for traditional 
signal detection in the testing precision and the treatment of noise and is a brand-new weak signal 
detection method. 
The physical mechanism of weak signal’s chaotic detection method roots in controlling chaos [5]. 
Along with chaos theory’s extensive research, many new chaos models turn up. Meanwhile, there are also 
many chaos restrained methods, such as OGY method [6] etc. They make use of small perturbation 
concerned with time to realize the chaos stability control. The existing chaos detection methods are based 
on the chaos suppression principle of non-autonomous chaotic systems, in which the Duffing-Holmes 
equations [7] are adopted most. To this system, when chaos turns up, the relation between excitation 
signal’s critical amplitude and the noise intensity becomes more complex for its inherent characteristic. 
This will affect the definition of the parameter’s critical value. And usually the Melnikov method [8] is 
adopted to calculate parameter’s critical value, in which the error between theoretical calculation and 
practical value is bigger and the process of calculation is more sophisticated. 
This paper, based on an autonomous chaos system, first introduces piecewise control mechanism on 
the basis of parameter cycle perturbation method. Second, we give a specific frequency’s perturbation to 
the parameter, in order to make system transform from chaotic state to the regular periodic state. Thus, we 
realize the weak sine signal detection in strong noise, according to the phase trajectory change of the 
system  from chaos state to periodic state. Finally, we detect the measured weak mechanical pendulum 
signal in strong noise for further verifying the detecting ability of the system. The experimental results 
show that the system possesses good detecting performance. 
2. Detection Model 
Consider a chaotic system NBS (Novel butterfly-shaped) model [9], which has the following form:  
                                                                                                                                                             (1) 
Where x , y , z are state variables, and a , b , h , k , g are system’s parameters. 
When 1a = , 2.5b = , 1h = , 4g = , 1k = , the system is in chaotic state. We keep other parameters 
constant, and increase g continuously, then the system turns up regular change. Through the analysis and 
simulation experiment, we obtain the relationship between the scope of g and the state of system (1), as is 
shown in table 1. 
Table 1. The relationship between the scope of g and the state of the system (1)
System’s state The scope of g 
Period 1 [2.79,3.32] 
Period 2 (3.32,3.60] 
Period 4 (3.60,3.65] 
Period 8 (3.65,3.67] 
chaos (3.67,3.778]、[3.781,4.254]、[4.286,5.3) 
Period 3 [4.255,4.267] 
Select g of the system (1) as the cycle perturbation parameter. Make 
                                                                                                                                                                 (2) 
Where )cos()( ϕω += tlth is the periodic driving signal,               , l  is its amplitude, and f ,ϕ are 
its frequency and initial phase respectively. For system (1), let 'g replace g . When 0=l , the system (1) 
( )x a y x y z
y b y h x z
z k y g z
= − +⎧⎪ = −⎨
⎪ = −⎩
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is in chaotic state, and             ; when 0≠l , suppose the system is in some state, in which the scope of g 
is                        , so we introduce the piecewise control mechanism into the system. 
                                                                                                                                                                 (3) 
Get the following inequality 
                                                                                                                                                                 (4) 
Calculate the scope of l and c of the system in different states according to (4), select appropriate 
values of l and c , and control the system in corresponding orbit combining with Lyapunov exponent 
criterion[10]. 
Design weak periodic signal detection system as follows: 
                                                                                                                                                                 (5) 
Where                             is the input signal with noise, s(t) is the detected weak sinusoidal signal, n(t) 
is Gaussian white noise, and l is controlling parameter. So, 
                                                                                                                                                                 (6) 
The process of detecting: First, adjust the amplitude of periodic excitation signal without input signal 
joined in to make the system being chaotic state. Second, add a certain power of Gaussian white noise to 
the system, at the moment the system is still in chaos critical condition for chaos system is immune to 
noise. Finally, add the weak sine signal into the system, adjust the detected signal’s amplitude to the 
threshold value, then the system enters the state of periodic 3 from chaotic critical state. Through 
observation to the phase diagram and the timing diagram of output signal, we can judge that the weak sine 
signal is included in the input signal, and its frequency is the same as the periodic excitation signal. 
3. The Experimental Analysis 
3.1. Numerical simulation 
In detection system (5), let 1a = , 2.5b = , 1h = , 4g = , 1k = , the initial value is (2, 6, -4). When 
excitation signal’s frequency 10Hzf = , fπω 2= , 0=ϕ , we adjust excitation signal’s amplitude l and
parameter c in accordance with (4) and Lyapunov exponent spectrum. Let l =0.006, c =0.065 to make 
system in the critical chaotic state, which is shown in Fig 1 (a) (b). 
When added Gaussian white noise ( )n t with its power P=10-4w into the system, the system is still in 
disorder chaos though the system’s output has some changes. The sequence diagram is shown in Fig 1(c). 
Add the detected sine signal ( )s t to the system (5), where ( ) cos( )s ss t r tω ϕ= + , sω ω= , 0sϕ ϕ= = ,and increase 
the signal’s amplitude continually. Then the system’s output changes rapidly. When 0.0004r = , the 
system will quickly enter into periodic 3 state from chaos critical state, which is shown in Fig 2. 
Calculate the SNR (signal-to-noise ratio), so SNR=-31db. The detection range of signal’s amplitude is 
[0.0004，0.0044]. 
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The detected signal’s frequency in the range (10Hz, 11Hz) also can be detected, showing that this 
method used for measuring weak sine signal has a certain error, but the range is smaller. A great quantity 
of simulation experiments verify that the system can measure sine signals whose frequencies are in 
different order of magnitude with this piecewise periodic perturbation method, only to change the 
periodic signal’s frequency in accordance with the outside different frequency. 
Fig. 1. (a) x-z phase plane strange attractors; (b) The waveform of output z when the input is zero; (c) The waveform of the output z 
when the input is added noise 
Fig. 2. (a) x-z phase plane after being added detected signal; (b) The waveform of output z after being added detected signal  
3.2. The experiment of measured data 
Fig 3(a) shows that the mechanical pendulum signal in real environment already contains some 
background noise, and is very weak for its amplitude is only 0.0025. Fig 3(b) shows the waveform of the 
measured data added noise. Besides, the mechanical pendulum signal exhibits periodic impulsive form.  
Fig. 3. (a) The measured mechanical pendulum signal; (b) The detected signal added noise  
Now we use system (5) to conduct the detection experiment. First, the input signal g( ) ( ) ( )t ds t n t= +
is added to system (5), where d is the adjustable parameter, ( )s t is the detected mechanical pendulum 
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signal, and ( )n t is noise. The noise power P=10-4w, initial phase, the detection frequency 
1Hzf = , 2s fω ω π= = . Adjust the parameter d , when 0.3d = , the system changes from chaotic 
state to periodic 3 state. Fig 4 shows the system’s output after being added the detected signals. 
Fig. 4. (a) The output z after being added the detected signal; (b) x-z phase plane after being added detected signal 
Comparing Fig 1 with Fig 4, we can see that the x-z phase diagram changes apparently. Thus we judge 
that the input signal includes the detected mechanical pendulum signal. Through the experiment we get 
the minimum threshold of the detection system with the lowest 0.0025* 0.00075r d= =  and the highest 
0.002r = . According to the signal-to-noise formula, we obtain the value SNR=-25.5db. 
4. Conclusion 
In this paper, a detection model is built based on NBS system for weak periodic signal in strong noise, 
and the threshold is defined combining Lyapunov exponent criterion. When the input includes weak 
periodic signal, the output turns into the periodic 3 state from chaotic state. The application of this system 
for the detection of the measured mechanical pendulum signal in strong noise shows that the method is 
sensitive for the weak signal, and effectively reduces the noise. This method does not need to calculate 
the periodic excitation signal’s exact amplitude, simplifies calculation steps improves the calculation 
efficiency, and is easy to be realized. Numerical simulation verifies the efficiency of the method. 
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